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NOISE CANCELING IN-SITU NMR 
DETECTION 

STATEMENT OF GOVERNMENT SUPPORT 

This invention was made with Government support under 
Agreement No. DE FG02-07ER84931 awarded by the 
Department of Energy. The Government has certain rights in 
this invention. 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

Priority is claimed to U.S. Provisional Patent Application 
No. 61/259,280, filed on Nov. 9, 2009, entitled “IN-SITU 
NMR DETECTION APPARATUS WITH NOISE CAN 
CELLING ANTENNAS, the disclosure of which is incor 
porated herein by reference in its entirety. 

BACKGROUND 

Nuclear Magnetic Resonance (NMR) systems have been in 
use for many years and can be used to provide imaging and/or 
analysis of a sample being tested. For example, U.S. Pat. No. 
7,466,128, U.S. Pat. No. 6,160,398, and PCT/US2008/ 
082969 describe a variety of NMR technologies, and are 
incorporated herein by reference. Various different types of 
NMR are known, including laboratory NMR spectroscopy 
that places the sample under investigation inside a detection 
coil, and in-situ or “inside out NMR that places a detection 
coil inside or adjacent to a sample under investigation. Exist 
ing in-situ NMR devices have deficiencies in their ability to 
cancel Radio Frequency (RF) or other Electromagnetic (EM) 
noise in the vicinity of the in-situ NMR measurement. 

SUMMARY 

Technologies applicable to noise canceling in-situ NMR 
detection and imaging are disclosed. An example noise can 
celing in-situ NMR detection apparatus may comprise one or 
more of a static magnetic field generator, an alternating mag 
netic field generator, an in-situ NMR detection device, an 
auxiliary noise detection device, and a computer. The com 
puter may optionally be configured to control the various 
other components. The NMR detection device may comprise 
a noise canceling design in Some embodiments. In some 
embodiments, the computer may be configured to Subtract 
noise measurement information from NMR measurement 
information, to produce output in-situ NMR measurement 
data with attenuated noise. Further aspects and variations are 
discussed in detail below. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Various features and attendant advantages of the disclosed 
technologies will become fully appreciated when considered 
in conjunction with the accompanying drawings, in which 
like reference characters designate the same or similar parts 
throughout the several views, and wherein: 

FIG. 1 is a diagram illustrating example components of 
noise canceling in-situ NMR detection apparatus in accor 
dance with Some embodiments of the present disclosure; 

FIG. 2 is a diagram illustrating an example method as may 
be performed in connection with the various systems dis 
closed herein; 
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2 
FIG. 3 is a diagram illustrating example components of 

noise canceling in-situ NMR detection apparatus in accor 
dance with some embodiments of the present disclosure; 

FIG. 4 is a diagram illustrating example components of 
noise canceling in-situ NMR detection apparatus in accor 
dance with some embodiments of the present disclosure; 

FIG. 5 is a diagram illustrating example components of 
noise canceling in-situ NMR detection apparatus in accor 
dance with some embodiments of the present disclosure; 

FIG. 6 is a diagram illustrating example components of 
noise canceling in-situ NMR detection apparatus in accor 
dance with some embodiments of the present disclosure; 

FIG. 7 is a diagram illustrating an example signal process 
ing method; 

FIG. 8 is a diagram illustrating an example signal process 
ing method; 

FIG. 9 is a diagram illustrating an example computing 
device as may be configured to perform aspects of this dis 
closure; and 

FIG. 10 is a diagram illustrating an example processing 
architecture and corresponding noise canceling digital signal 
processing methods. 

DETAILED DESCRIPTION 

Prior to explaining at least one embodiment of the inven 
tion in detail, it is to be understood that the invention is not 
limited to the details of construction or arrangements of the 
components and method steps set forth in the following 
description or illustrated in the drawings. The invention is 
capable of other embodiments and of being practiced and 
carried out in various ways. Also, it is to be understood that 
the phraseology and terminology employed herein are for the 
purpose of the description and should not be regarded as 
limiting. 

Overview 
Technologies for noise canceling in-situ NMR may 

include, inter alia, components and methods configured to 
generate a static magnetic field B0 within a sample of interest, 
components and methods configured to generate an alternat 
ing magnetic field B1 to actuate an NMR process within the 
sample of interest, components and methods configured to 
detect the actuated NMR process from within the sample of 
interest, and/or components and methods configured to 
attenuate noise. 

Applications of noise canceling in-situ NMR may include, 
interalia, the use of NMR detection devices inside boreholes 
to detect and characterize the NMR properties of fluids in 
Earth formations, the use of NMR detection devices in bulk 
samples to characterize the NMR properties of said samples, 
and the use of NMR detection devices inserted into human 
patients to determine the NMR properties of fluids or tissues. 
The technologies disclosed herein are generally discussed in 
the context of borehole NMR, but it will be appreciated that 
the disclosed technologies may be adapted to any application 
of in-situ NMR. 

FIG. 1 is a diagram illustrating example components of 
noise canceling in-situ NMR detection apparatus in accor 
dance with some embodiments of the present disclosure. With 
reference to FIG. 1, components and methods configured to 
generate a static magnetic field B0 within a sample of interest 
may comprise a static magnetic field generator (A) and the 
use thereof. Components and methods configured to generate 
an alternating magnetic field B1 to actuate an NMR process 
within the sample of interest may comprise an alternating 
magnetic field generator (B) and the use thereof, noting that 
the alternating magnetic field generator (B) is shown descrip 
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tively in this embodiment as an induction coil, which may be 
used to generate an alternating magnetic field in an NMR 
sensitive region (D) within a sample of interest. Components 
and methods configured to detect the actuated NMR process 
within the sample of interest may comprise a NMR detection 
device (C) and the use thereof. NMR detection device (C) is 
shown as an induction coil, which may be configured to detect 
NMR in an NMR sensitive region (D) from within a sample of 
interest, and noting that in the illustrated embodiment the 
same induction coil is used to generate the alternating mag 
netic field and to detect the resulting NMR signal process. In 
Some embodiments, components and methods configured to 
attenuate noise may comprise the NMR detection device (C), 
when configured to attenuate noise as described herein. In 
Some embodiments, components and methods configured to 
attenuate noise may comprise an auxiliary noise detection 
device (E) that may be configured detect an electromagnetic 
noise or interference field (G). Embodiments using an auxil 
iary noise detection device (E) may be used in combination 
with an NMR detection device (C) that is configured to 
attenuate noise in Some embodiments, or may be used in 
combination with an NMR detection device (C) that is not 
configured to attenuate noise. 

In some embodiments, any and all of the various compo 
nents and methods illustrated in FIG.1 may be configured to 
operate under control of or in communication with computer 
(F). Computer (F) may be configured to control the NMR 
measurement sequence, e.g., as discussed in connection with 
FIG. 2. Computer (F) may include an NMR spectrometer 
configured to sample and record signals from the NMR detec 
tion device (C) and/or the auxiliary noise detection device 
(E). Computer (F) may comprise a power amplifier config 
ured to drive the alternating magnetic field generator (B) 
and/or static magnetic field generator (A). Computer (F) may 
comprise transmit and receive Switches configured to activate 
the alternating magnetic field generator (B) in transmit mode, 
and to activate the NMR detection device (C) in receive mode. 
Computer (F) may comprise matching circuits and receive 
electronics. Said matching circuits may be designed to opti 
mize the transmission of the NMR activating signals and/or 
the detected NMR signals. The receive electronics may 
include preamplifiers, Switching circuits, filters, buffer ampli 
fiers, and other preconditioning circuitry. Computer (F) may 
comprise a data acquisition system configured to receive, 
process and record NMR measurement information and/or 
noise measurement information. 

FIG. 2 is a diagram illustrating an example method as may 
be performed in connection with the various systems dis 
closed herein. FIG. 2 may also be viewed as representing 
operations executable by a computer, e.g., as illustrated in 
FIG. 9, and corresponding modules or instructions stored on 
a computer readable medium. FIG. 2 includes a “Activate 
Static Magnetic Field Generator operation 201, a “Activate 
Alternating Magnetic Field Generator operation 202, a 
“Deactivate Alternating Magnetic Field Generator operation 
203, a “Activate In-Situ NMR Detection Device' operation 
204, a “Activate Auxiliary Noise Detection Device' operation 
205, and a “Signal Processing operation 206. 

In a “Activate Static Magnetic Field Generator operation 
201, the computer (F) may be configured to position a static 
magnetic field generator near a sample of interest. The static 
magnetic field generator may also be positioned manually or 
using electronics not controlled by the computer (F). In 
embodiments in which the static magnetic field generator 
comprises an electromagnetor other device that can be turned 
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4 
on and off the magnet may be activated or otherwise adjusted 
to produce a desired static magnetic field in a sample of 
interest. 

In a “Activate Alternating Magnetic Field Generator 
operation 202, the computer (F) may be configured to route 
electrical current to a alternating magnetic field generator 
Such as (B), for example by activating a power amplifier and 
closing a transmit switch which allows current to flow from 
the power amplifier to the alternating magnetic field generator 
(B). When the alternating magnetic field generator is acti 
vated, the system may be described as in transmit mode. 

In a “Deactivate Alternating Magnetic Field Generator 
operation203, the computer (F) may be configured to shut off 
electrical current from an alternating magnetic field generator 
(B), for example by deactivating the power amplifier and/or 
opening the transmit Switch and otherwise controlling appro 
priate switches or other electronics. Operation203 may result 
in the system exiting transmit mode. 

In a “Activate In-Situ NMR Detection Device' operation 
204, the computer (F) may be configured to activate appro 
priate switches or other electronics to “listen' to signals from 
an in-situ NMR detection device such as (C). For example a 
receive mode switch may be closed to connect NMR detec 
tion device (C) with primary detection channel electronics. 
Incoming signals from the in-situ NMR detection device may 
be modified and sampled and otherwise processed as 
described herein. When the in-situ NMR detection device is 
activated, the system may be described as in receive mode. 

In a “Activate Auxiliary Noise Detection Device' opera 
tion 205, the computer (F) may be configured to activate 
appropriate Switches or other electronics to "listen' to signals 
from an auxiliary noise detection device such as (E). For 
example, noise signal receive Switches may be closed to 
connect auxiliary noise detection device (E) with auxiliary 
detection channel electronics. Incoming signals from the aux 
iliary noise detection device may be modified and sampled 
and otherwise processed as described herein. Operation 205 
does not necessarily occur after operation 204, the two opera 
tions may overlap or happen concurrently in some embodi 
mentS. 

In a “Signal Processing operation 206, the computer (F) 
may be configured to process signals from the in-situ NMR 
detection device and/or auxiliary noise detection device to 
produce an output. Signal processing is discussed further with 
reference to FIGS. 7-10. 

It should be noted that in some embodiments of FIG. 2, one 
or more of the illustrated operations may not be necessary, 
while in some embodiments, additional operations may be 
included, as will be appreciated by those of skill in the art. For 
example, some embodiments may include only aspects of 
operation 206, signal processing, while the remaining opera 
tions are performed separately. Some embodiments may not 
make use of an auxiliary noise detection device and therefore 
may not employ operation 205. In some embodiments, a 
computer (F) may be involved in some or all of the illustrated 
operations, for example by initiating and/or controlling the 
illustrated operations, however it will be appreciated that the 
computer (F) need not be involved in all of the illustrated 
operations, and some aspects of operations may be performed 
by human or electronic agents outside of the computer (F). 
For example, certain operations may be initiated or otherwise 
controlled using electronics separate from and outside of the 
computer (F). 

Generating a Static Magnetic Field 
Components and methods configured to generate a static 

magnetic field B0 within a sample of interest may include a 
static magnetic field generating device (A) equipped with one 
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or more magnets. In the application of noise canceling in-situ 
NMR to detecting and characterizing fluids within an Earth 
formation, a static magnetic field generating device (A) may 
include one or more permanent magnets configured for 
deployment within a borehole. One or more permanent mag 
nets and may be arranged to create a static magnetic field of a 
predetermined value selected for the desired application, 
within an NMR sensitive region (D) inside the sample of 
investigation. A computer (F) may be used to control a bore 
hole Suspension system to control the depth (location) of the 
static magnetic field generating device (A) in the borehole, or 
the Suspension system may be controlled manually or via 
separate electronics. 

In some embodiments, static magnetic field generating 
device (A) may include magnets located at any location from 
which a magnetic field can be created in the NMR sensitive 
region (D). The static magnetic field generating device (A) 
need not be located inside a loop of the alternating magnetic 
field generator (B) as illustrated in the appended figures. Also, 
static magnetic field generating device (A) may comprise any 
device configured to produce a static magnetic field, includ 
ing, for example, electromagnets as well as permanent mag 
nets. In some embodiments, an in-situ NMR apparatus may 
be configured for operation without static magnetic field gen 
erating device (A): an in-situ NMR apparatus may instead be 
configured to rely on an environmentally innate magnetic 
field, such as the earth's magnetic field. 

Generating an Alternating Magnetic Field and Detecting 
NMR 

Components and methods configured to generate an alter 
nating magnetic field B1 to actuate an NMR process within 
the sample of interest may include an alternating magnetic 
field generator (B) comprising one or more antennas or coil 
arrays. In borehole applications, the one or more antennas or 
coil arrays may be configured for deployment within a bore 
hole. The computer (F) may control a transmit switch and 
power amplifier. The alternating magnetic field generator (B) 
can be activated by closing the transmit Switch and activating 
the power amplifier to direct alternating current to the alter 
nating magnetic field generator (B). 

It will be understood with the benefit of this disclosure that 
in the various embodiments, the alternating magnetic field 
generator (B) and the NMR detection device (C) may be 
implemented using a same antenna, induction coil, or array, 
e.g., as illustrated in FIG. 1, or they may be implemented 
through separate antennas, coil(s), and/or arrays. In FIG. 1, 
the alternating magnetic field generator (B) and the NMR 
detection device (C) are implemented in a figure-eight com 
prising two coils, a top coil and a bottom coil, as shown. 
Either or both of the coils in the figure-eight may be used as 
magnetic field generator (B), and either or both of the coils in 
the figure-eight may also be used as the NMR detection 
device (C). 

Attenuating Noise and Measuring NMR 
Turning now to components and methods configured to 

attenuate electromagnetic noise and measure NMR, the term 
“noise' as used herein refers to any and all EM noise and/or 
EMinterference, including but not limited to RF noise as well 
as any other form of Electromagnetic Interference (EMI). 

Existing devices and methods for performing in-situ NMR 
measurements are generally well Suited to their intended pur 
poses, but they are not configured for noise cancellation and 
as a result, not well suited to performing in-situ NMR mea 
Surements in the presence of noise. The present disclosure 
recognizes that a significant problem with conventional NMR 
systems is that devices designed for in-situ NMR detection 
may not be practical for Some applications because they do 
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6 
not adequately reduce electromagnetic noise or interference 
that can degrade or obscure the desired NMR signals. 

For example, in-situ NMR devices designed for deploy 
ment in deep boreholes, deeper than 100 meters, where elec 
tromagnetic noise and interference is often effectively 
shielded by the large amount of electrically conducting Earth 
between Earth's surface and the in-situ NMR sensor, may be 
less effective in near-surface applications at depths of 100 
meters or less. Deep boreholes are common in oil and gas 
exploration, while groundwater exploration is often con 
ducted closer to the earth's surface. 

In near-Surface applications the amount of electrical 
shielding provided by the Earth is generally much lower, and 
significant levels of electromagnetic noise can propagate 
through the shallow Earth to the in-situ NMR sensor. NMR 
sensor designs with insufficient means of canceling Such 
noise are less effective in noisy environments. The problem of 
noise is compounded by electrically conducting cables used 
to physically Support and communicate with the borehole 
NMR device, which can act as conduits for noise, and can 
enable above ground noise sources to affect the NMR mea 
surement in the borehole. Furthermore, electronic compo 
nents and power generation devices within the borehole can 
create noise in the vicinity of the borehole NMR detection 
device, and these instrumentation noise sources can interfere 
with the detection of NMR signals. 

Referring again to the generic noise canceling in-situ NMR 
detection apparatus depicted in FIG. 1, in Some embodiments 
this new apparatus may comprise one or more components 
configured to attenuate electromagnetic noise. Example com 
ponents configured to attenuate noise include an NMR detec 
tion device (C) configured to cancel noise, and an auxiliary 
noise detection device (E). Both of these example compo 
nents are described in detail herein. 

In some embodiments, an NMR detection device (C) may 
be configured to attenuate noise through the use of a noise 
canceling design. For example, an NMR detection device (C) 
may be configured as a series combination of two or more 
induction coils of equal or Substantially equal effective area, 
the coils separated by some distanced and with their winding 
phases in opposite directions. The distance d between the 
coils may be, e.g., a distance between centers of the coils. 
FIG. 1 illustrates two coils wherein the centers of the coils are 
clearly separated by a distance. The term “substantially 
equal” is used herein to account for the fact that there may be 
Some margin of error, depending on the design requirements 
of a particular system. Substantially equal implies as much 
equality as is practical given the various design requirements 
of a particular system. 

In some embodiments, components and methods config 
ured to detect the actuated NMR process within the sample of 
interest, and components and methods configured to attenu 
ate noise may be implemented via a NMR detection device 
(C) configured as noise canceling antenna. A noise canceling 
antenna may be sensitive to the localized NMR process of 
interest and may be simultaneously insensitive to spatially 
homogeneous noise fields. 

In some embodiments, a noise canceling antenna may be 
configured with non-zero spatial sensitivity to the NMR sig 
nals generated by a sample, e.g., NMR signals generated by 
an earth formation under investigation, and the noise cancel 
ing antenna may also be configured to provide reduced or Zero 
spatial sensitivity to noise. 
An example noise canceling antenna configuration, shown 

in FIG. 1, may comprise two or more laterally or vertically 
displaced NMR detection coils of equal effective area but 
with opposite polarity. The NMR detection coils may be 
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wired in series to each other such that the combined series coil 
is insensitive to spatially homogenous magnetic fields. In 
Some embodiments, the coils may be formed from a single 
wire (or multiple wires in series), with both ends of the wire 
coupled to electronics comprising computer (F), while the 
length of the wire is configured to adjustably position the 
noise canceling antenna within an in-situ Sample to be mea 
Sured. The length of wire may be configured as a noise can 
celing antenna by forming the wire in a first loop, then cross 
ing the wire and forming an additional loop, as shown in FIG. 
1.To separate the loops by any desired distance, the wire may 
for example form the first loop, then may be twisted to form 
a length of twisted wire for a desired separation distance, and 
then may be formed in the additional loop. In some embodi 
ments, the NMR detection coils may be wired in series to each 
other using a passive or active Switching circuit such that the 
combined series coil is insensitive to spatially homogenous 
magnetic fields when the switching circuit is effectively 
closed. The NMR detection coils may be arranged in a figure 
eight, as illustrated in FIG. 1. 
An NMR detection coil (C) may be configured to detect a 

desired NMR signal process primarily in loop(s) of the coil 
closest to the NMR sensitive region (D), while loop(s) of the 
coil further from the NMR sensitive region (D) serve to cancel 
noise. For example, in FIG. 1, the upper loop of the figure 
eight implementing the NMR detection device (C) may have 
reduced sensitivity to the NMR sensitive region (D), com 
pared to the lower loop of the figure-eight, due to the added 
distance between the upper loop and the NMR sensitive 
region (D). Both loops of the NMR detection coil (C) may 
measure the incident noise field (G). However, because the 
windings of the coils are of opposite phase, the induced 
voltages from the noise field (G) on each coil may be of 
opposite polarity and hence the noise Voltage at the terminals 
of the combined detection coil may be significantly reduced. 

In some embodiments, as illustrated in FIG. 1, an in-situ 
NMR detection device (C) may be configured for placement 
in a borehole. Configuring a component for placement in a 
borehole may comprise forming the component to a width 
and length that are designed to fit within the borehole. Also, a 
component may be provided with structural Support, Suspen 
sion couplings and so forth to allow for placement and orien 
tation in a borehole environment. 

It will be further understood that the various embodiments 
disclosed herein need not be restricted to the use of a single 
NMR detection device (C), but are applicable to in-situ NMR 
apparatus employing a plurality of NMR detection devices. 

Auxiliary Noise Detection 
Additional example components and methods configured 

to attenuate noise may include an auxiliary noise detection 
device (E). An example auxiliary noise detection device is an 
auxiliary antenna or coil, which may be implemented in addi 
tion to a NMR detection device (C), so that the noise cancel 
ing in-situ NMR apparatus is a multi device/multicoil appa 
ratus comprising one or more NMR detection devices (C), 
and one or more auxiliary noise detection devices (E). 
The one or more auxiliary noise detection devices (E) may 

be located in-situ and/or external to the sample under inves 
tigation, and may be configured to detect noise. A computer 
(F) and/or digital signal processor may be configured to com 
bine sampled data from the NMR detection device (C) and the 
one or more auxiliary noise detection devices (E), so as to 
enhance a desired NMR signal and reduce unwanted noise in 
the output. 

In some embodiments, one or more auxiliary noise detec 
tion devices may be designed and positioned to be sensitive to 
noise sources and insensitive to the NMR process within a 
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sample under investigation. Separate detection electronics 
and recording channels may be used for the NMR detection 
device (C) and the one or more auxiliary noise detection 
devices (E). Noise data collected at a noise detection device 
(E) may be reduced or eliminated from NMR detection chan 
nel data gathered at (C), for example through digital signal 
processing performed in the computer (F), optionally using 
correlation cancellation as the mathematical approach and 
criterion for optimizing the cancellation of noise. 

In some embodiments, the one or more auxiliary noise 
detection devices (E) may be configured to detect an incident 
noise field (G). An NMR spectrometer within computer (F) 
may be configured to sample and record signals from both the 
NMR detection device (C), and the one or more auxiliary 
noise detection devices (E), on separate data channels. 
The computer (F) may be configured to cancel a noise 

process on the NMR detection channel in software, using a 
multi-channel processing algorithm. It will be understood 
that the Software or algorithm used to cancel the noise in 
post-processing is not limited to any particular mathematical 
technique, algorithm or optimization criterion, but that the 
noise cancellation algorithm includes any and all mathemati 
cal algorithms and Software methods that use data from an 
auxiliary noise detection device (E) to cancel or reduce noise 
levels measured on the NMR detection device (C). 

Referring again to FIG. 1 it will be understood that the use 
of auxiliary detection devices is not limited to the use of a 
single auxiliary detection device (E) as shown in FIG. 1, but 
may be extended to the use of a plurality of auxiliary detection 
devices. It is further understood that the design of said auxil 
iary detection devices need not be limited to a simple induc 
tion coil as shown in FIG.1, but includes any detection device 
that is useful for measuring any electromagnetic noise field(s) 
that could interfere with detection of the NMR sample under 
investigation. Potentially useful detection devices for auxil 
iary detection devices include, but are not limited to: Single 
turn or multi-turn induction coils, magnetic field detection 
devices including magnetometers and Superconducting quan 
tum interference devices (SQUIDs), electric field detection 
devices including electric field sensors and antennas, and 
magneto-acoustic detection devices. It will be further under 
stood that the placement, orientation and distribution of aux 
iliary detection devices need not be constrained to the geom 
etry depicted in FIG. 1, and that the placement, orientation 
and distribution of auxiliary detection devices may be chosen 
arbitrarily so as to measure the electromagnetic noise field(s) 
as needed in any particular application. It will be understood 
that this includes the placement of auxiliary sensors at any 
location including within a sample under investigation or 
outside a sample under investigation, within an Earth forma 
tion borehole or outside of an Earth formation borehole, and 
as close to or as far away from the NMR sensitive region as 
necessary. 

In some embodiments, an NMR detection device (C), e.g. 
a primary NMR detection antenna or coil, may be located in 
a borehole in the vicinity of the Earth formation under inves 
tigation, and one or more auxiliary noise detection devices 
(E) may be located on or above the surface of the Earth to 
detect noise. An auxiliary noise detection device (E) may 
comprise an induction coil configured for placement on or 
near the Surface of the earth, for example by having appro 
priate length and weather protection. In some embodiments, 
one or more auxiliary noise detection devices may be located 
within the borehole or near the sample of interest, and these 
auxiliary noise detection devices may be designed to have a 
reduced spatial sensitivity to the NMR process in the sample 
of interest compared to the NMR detection device (C). 
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It will be understood that the various components and 
methods configured to attenuate noise described herein, 
namely the use of a NMR detection device (C) with reduced 
sensitivity to noise, and the use of auxiliary noise detection 
device(s) (E) to measure the noise separately and cancel it in 
post processing software executed by computer (F), may be 
implemented separately or in conjunction with each other. 
That is, the disclosed components and corresponding meth 
ods may be implemented together as depicted in FIG. 1, or 
separately as depicted in various Subsequent figures. 

Further Embodiments 

We now turn to further embodiments, as illustrated in 
FIGS. 3-6. FIG. 3 depicts an embodiment configured to uti 
lize two multiple static magnetic field generating devices (A) 
and a figure-eight shaped coil (B.C.) configured to generate an 
alternating excitation field and to detect the NMR signals 
from the NMR sensitive regions (D) within the sample. The 
size, shape, and location of the sensitive regions (D) may be 
determined in part by the operating frequency and operating 
bandwidth. For example, the static magnetic field intensity 
and the NMR resonant frequency generally decreases as the 
distance from the static field source(s) increases. In some 
embodiments, the coil (C) may comprise two or more spa 
tially displaced sensing coils wired in series with opposite 
polarity such that the combined coil is sensitive to an NMR 
process localized within an Earth formation, and also has 
reduced sensitivity to spatially homogeneous noise fields 
The static magnetic field generating devices (A) may be 

designed and oriented to project static magnetic fields in a 
substantially similar direction. If the static magnetic field 
generating devices (A) are permanent magnets, then the posi 
tive poles of the magnets may face in a Substantially similar 
direction. The localized directional fields of the figure-eight 
shaped coil operating as a component configured to generate 
an alternating magnetic field B1 (B) may be operated in 
transmit mode, causing NMR precession within the NMR 
sensitive Zones (D) of the sample to have alternating phases 
depicted as “x' and “o depending on the proximity of each 
NMR sensitive Zone to each half of the figure-eight shaped 
coil. 

In receive mode, the directional fields of the figure-eight 
shaped coil operating as a NMR detection device (C) may be 
coincident to the alternating excitation fields that determine 
the phase of the NMR precession at every point in the NMR 
sensitive region (D). Hence the induced voltages on the NMR 
detection device (C) due to the precessing spins throughout 
the NMR sensitive regions (D) of the sample may add coher 
ently and form a non-zero combined NMR voltage signal at 
the detection coil terminals of the NMR detection device (C). 
An incident spatially homogeneous noise field, however, 

may induce noise Voltages of equal amplitude but opposite 
polarity on the individual loops of the figure-eight shaped 
detection coil. Hence, on the terminals of the series combined 
figure-eight coil, the induced noise Voltage is Zero for a per 
fect figure-eight geometry and for a perfectly spatially homo 
geneous noise field. For imperfect figure-eight geometries 
and inhomogeneous noise fields as may be encountered in the 
real world, the combined noise voltage may be nonzero but 
may nonetheless be attenuated and therefore improve the 
NMR measurement. 

It will be understood that the embodiment depicted in FIG. 
3 can be realized using an NMR detection device (C) com 
prising a pair of displaced single or multi-turn loops of equal 
effective area, or by any other pair of magnetic field generat 
ing and detecting devices that, when connected in series, 
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10 
cause significant attenuation of electromagnetic noise at the 
combined detection device terminals compared to the elec 
tromagnetic noise sensed by either of the individual magnetic 
field detecting devices independently. 

FIG. 4 depicts another embodiment, which may utilize a 
single static magnetic field generating device (A) and a fig 
ure-eight shaped alternating magnetic field generating device 
and NMR detection device (B,C). This embodiment may 
operate in similar fashion to the embodiment depicted in FIG. 
3, except that the NMR sensitive Zone (D) may be concen 
trated in the vicinity of only one of the two loops that consti 
tute the figure-eight. As such, the lower loop of the figure 
eight (in this example) may have reduced sensitivity to the 
NMR sensitive Zone (D) and the majority of NMR signal may 
be detected via the upper loop. The upper and lower loops 
may be wound in opposite sense (opposite polarity) and may 
have a same effective area Such that a spatially homogeneous 
noise field (G) may be attenuated or canceled at the coil 
terminals of the combined figure-eight coil. 

It will be understood that the distance between the two 
loops in the figure-eight, the number of loops, and the orien 
tation of the loops need not be restricted to the scale shown in 
FIG. 3 or 4, and the distance between the loops may be 
relatively large or Small depending on the requirements of the 
application, and the number of loops, orientation of the loops 
and size of the loops may also vary. It will be also understood 
that the embodiment depicted in FIG. 4 can be realized using 
a NMR detection coil (C) comprising a pair of displaced 
single or multi-turn loops of Substantially equal effective 
area, or by any other pair of magnetic field generating and 
detecting devices that, when connected in series, cause 
attenuation of electromagnetic noise at the combined detec 
tion device terminals compared to the electromagnetic noise 
sensed by either of the individual magnetic field detecting 
devices independently. 

FIG.5 depicts another embodiment, which utilizes a single 
static magnetic field generating device (A) and a figure-eight 
shaped alternating magnetic field generating device and 
NMR detection device (B.C) wherein the loops of the figure 
eight may be connected in series with an active or passive 
Switching device (S) providing a short circuit bypass of one or 
more of the loops (e.g., the lower loop) during the transmit 
excitation pulse. An active Switching device may include 
actively controlled electronic circuits that create open or 
closed circuits. A passive Switching device may include 
diodes, including crossed diode pairs, or other semiconduc 
tors that cause a circuit to Switch from the open to closed 
circuit states depending on the levelofa Voltage applied to the 
passive Switching device(s). This embodiment may operate in 
a fashion similar to the embodiment shown in FIG. 4, except 
that during the transmit excitation pulse some or all of the 
excitation pulse current may be shunted away from the 
bypassed loop(s). This provides the advantages of reducing 
the overall coil impedance during transmit excitation pulse 
and also reducing the possibility of generating NMR signals 
in the vicinity of the bypassed loop(s), which may improve 
the spatial resolution of the noise canceling in-situ NMR 
measurement device. 

In some embodiments an NMR apparatus according to 
FIG. 5 may be configured with a static magnetic field gener 
ating device and a detection device that may for example 
comprise two or more spatially displaced sensing coils wired 
in series with opposite polarity and using a passive Switch 
comprising parallel crossed diodes Such that the combined 
coil is sensitive to the NMR process localized within the Earth 
formation and also has reduced sensitivity to spatially homo 
geneous noise fields and Such that during transmit mode the 
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transmit current may be routed primarily within the coil that 
is adjacent to the NMR sensitive region. 

FIG. 6 depicts an embodiment that may use a single static 
magnetic field generating device (A), an alternating magnetic 
field generating device and NMR detection device (B.C) that 
may be sensitive to the NMR process produced in an NMR 
sensitive region (D) localized within an Earth formation, aux 
iliary noise detection devices (E) to detect noise and interfer 
ence noise sources, a multichannel receiver and analog to 
digital converter (H) configured to sample data from the 
NMR detection device (C) and auxiliary noise detection 
devices (E), and a computer (F) configured with software to 
combine the sampled data x(n) from the NMR detection 
device (C), and the sampled data y (n) . . . y(n) from the 
auxiliary detection devices (E), to produce a sampled output 
sequence e(n) that may contain the desired NMR signal pro 
cess but with attenuated noise or interference compared to the 
sampled data X(n). A multichannel receiver and analog to 
digital converter (H) may comprise signal amplifiers and 
Analog to Digital (A/D) converters for one or more channels, 
as shown. A multichannel receiver and analog to digital con 
Verter (H) may comprise a separate component from the 
computer (F) or may be integrated with the computer (F) in 
Some embodiments. 

FIG. 6 illustrates an embodiment of an alternating mag 
netic field generating device and NMR detection device (B.C) 
that comprises a single induction coil. It should be understood 
that the alternating magnetic field generating device (B) may 
be configured as a single induction coil in Some embodi 
ments, whether or not the alternating magnetic field generat 
ing device (B) is combined with the NMR detection device 
(C). Similarly, the NMR detection device (C) may be config 
ured as a single induction coil in some embodiments, whether 
or not NMR detection device (C) is combined with the alter 
nating magnetic field generating device (B). Also, the NMR 
detection device (C) in FIG. 6 is an example of a NMR 
detection device (C) that does not include a noise-canceling 
design. An NMR detection device (C) that does not include a 
noise-canceling design may include a single induction coil as 
shown, an array of coils, or any other device described herein 
as capable of detecting NMR. The NMR detection apparatus 
of FIG. 6 is nonetheless noise-canceling because noise may 
be detected at the auxiliary detection devices (E) and canceled 
from the NMR measurements collected via the NMR detec 
tion device (C). 

In FIG. 6, it will be understood that this embodiment need 
not be restricted to the use of two auxiliary noise detection 
devices (E), as depicted in FIG. 6, but the embodiment may 
incorporate any number of auxiliary noise detection devices, 
and these auxiliary noise detection devices may take any form 
encompassing all classes of devices capable of detecting elec 
tromagnetic fields, including but not limited to: induction 
coils, electric and magnetic field sensors, electric field anten 
nas, magnetometers, and Superconducting quantum interfer 
ence devices. It is further understood that the auxiliary noise 
detection devices may be located and oriented in any arrange 
ment that Suits a given application, including placement of 
auxiliary noise detection devices within a borehole or on or 
above the surface of the Earth, and within or external to a 
sample under investigation. It will be further understood that 
this embodiment does not require any particular Software or 
mathematical algorithm used to process the multi-sensor data 
So as to cancel or attenuate noise in the output sequence e(n). 
The apparatus and procedure for simultaneously acquiring 
data on a NMR detection device and one or more auxiliary 
noise detection devices may provide independent measure 
ments of the noise field(s), this independent noise data may 
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enable cancellation of the noise processed(s) recorded on the 
NMR detection device data channel. It will be understood by 
those skilled in the art of signal processing with the benefit of 
this disclosure that many different mathematical algorithms 
and software methods may be suitable for effectively cancel 
ing noise on a NMR detection device channel using noise data 
detected on separate auxiliary noise detection devices and 
recorded on separate noise data channels. 

Processing 
FIG. 7 is a diagram illustrating an example signal process 

ing method. In some embodiments, a computer (F) may be 
configured to perform signal processing operations 206A. 
Signal processing operations 206A may comprise a “Receive 
Noise Canceled NMR Measurement Information' operation 
701, a “Convert Noise Canceled NMR Measurement Infor 
mation to Digital/Sample Noise Canceled NMR Measure 
ment Information' operation 702, and/or a “Output NMR 
Measurement Information with Attenuated Noise' operation 
703. 
The term “measurement information' as used herein refers 

to measurement information in any form. For example, mea 
Surement information may be in the form of an analog signal 
or in the form of digital data. In some embodiments, mea 
Surement information may be initially available in analog 
form, and may be converted to digital for example by Sam 
pling the analog signal. 

In a “Receive Noise Canceled NMR Measurement Infor 
mation' operation 701, a noise canceled signal may be 
received, for example from a noise canceling in-situ NMR 
detection device such as (C), wherein the NMR detection 
device comprises a built-in noise canceling architecture, so 
that the noise components of signals produced by the NMR 
detection device are at least partially attenuated. In some 
embodiments, a noise canceled NMR measurement informa 
tion may be received indirectly. For example, data collection 
and processing may be performed by separate devices in 
some embodiments. NMR measurement information may be 
received from a device that initially collected signal data (e.g. 
directly from a NMR detection device (C)), or from some 
intermediate device or computer readable medium. 

In a "Convert Noise Canceled NMR Measurement Infor 
mation to Digital/Sample Noise Canceled NMR Measure 
ment Information' operation 702, received noise-canceled 
signals which may comprise analog signals may be converted 
to digital, for example by sampling the analog signal. Any 
desired sampling rate may be used. Digital signals and data 
may also be demodulated, “down-sampled' or "up-sampled 
in some embodiments. 

In a “Output NMR Measurement Information with Attenu 
ated Noise” operation 703 Noise Canceled NMR Samples 
resulting from operation 702 and any further operations such 
as, for example, a filtering operation, may be recorded on a 
computer readable medium and/or graphically displayed via 
a display device. 

FIG. 8 is a diagram illustrating an example signal process 
ing method. In embodiments configured to receive one or 
more signals from auxiliary noise detection device(s) (E), the 
computer (F) may be configured to perform noise canceling 
signal processing operations 206B. Noise canceling signal 
processing operations 206B may comprise a “Receive NMR 
Measurement Information' operation 801, a “Receive Noise 
Measurement Information' operation 802, a “Convert NMR 
and Noise Measurement Information to Digital/Sample 
NMR and Noise Measurement Information operation 803, a 
“Filter and Combine NMR and Noise Measurement Informa 
tion' operation 804, and/or a “Output NMR Measurement 
Information with Attenuated Noise' operation 805. 
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In a “Receive NMR Measurement Information' operation 
801, NMR signals may be received from an in-situ NMR 
detection device such as (C). The received NMR signals may 
be noise-canceled as described above with reference to step 
701, or may not be noise canceled. In either case, the received 
signals may be subject to further processing to remove of 
noise, based on auxiliary nose measurements. 

In a “Receive Noise Measurement Information' operation 
802, noise signals may be received from one or more auxiliary 
noise detection devices such as (E). In some embodiments, 
the noise signals may be received from an intermediate device 
or computer readable medium. 

In a "Convert NMR and Noise Canceled Measurement 
Information to Digital/Sample NMR and Noise Canceled 
Measurement Information' operation 803, received NMR 
and noise-canceled signals which may comprise analog sig 
nals may be converted to digital, for example by Sampling the 
analog signal. Any desired sampling rate may be used. Digital 
signals and data may also be demodulated, "down-sampled 
or "up-sampled in some embodiments. 

In a "Filter and Combine NMR and Noise Measurement 
Information' operation 804, NMR and noise samples may be 
filtered by one or more digital filters, and combined in a 
manner that subtracts noise from NMR data. Further discus 
sion of an example filtering architecture and corresponding 
methods are discussed below with reference to FIG. 10. 

In a “Output NMR Measurement Information with Attenu 
ated Noise' operation 805, noise canceled NMR data result 
ing from operation 803 and any further operations as may be 
performed, may be recorded on a computer readable medium 
and/or graphically displayed via a display device. 

In some embodiments of a noise canceling digital signal 
processing method disclosed herein, the computer (F) may be 
configured to sample data from an NMR detection channel, 
also referred to herein as a primary channel, corresponding to 
the NMR detection device (C), thereby producing NMR 
samples. The computer (F) may be configured to sample data 
from one or more noise channels, also referred to as auxiliary 
channels, corresponding to the one or more auxiliary noise 
detection devices (E), thereby producing noise samples. The 
computer (F) may be configured to digitally filter the NMR 
samples and/or noise samples, thereby producing filtered 
samples. The computer (F) may be configured to Subtract 
filtered noise samples from filtered NMR samples to produce 
noise-corrected NMR output data. 

In some embodiments, the computer (F) may be configured 
to first control the various components described herein to 
measure NMR and noise, as described above in connection 
with operations 201-205 of FIG. 2. The computer (F) may 
also be configured to receive and process NMR signals from 
the NMR detection device (C) in a signal processing opera 
tion 206. Some embodiments may comprise a single com 
puter for both NMR measurement control and signal process 
ing, while other embodiments may comprise separate 
computers for NMR measurement control and signal process 
ing. Therefore, embodiments of this disclosure may, but need 
not be configured to include both NMR measurement control 
and signal processing. 

FIG. 9 is a diagram illustrating an example computing 
device as may be configured to perform aspects of this dis 
closure. Computing system (F) may include for example a 
processor 110, memory 120, system bus 130, one or more 
drives 140, user input interface 150, output peripheral inter 
face 160, and network interface 170. 

Drives 140 may include, for example, a compact disk drive 
141 which accepts an optical disk 141A, a so-called hard 
drive 142, which may employ any of a diverse range of 
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computer readable media, and a flash drive 143 which may 
employ for example a Universal Serial Bus (USB) type inter 
face to access a flash memory 143A. Drives may further 
include network drives and virtual drives (not shown) 
accessed via the network interface 170. 
The drives 140 and their associated computer storage 

media provide storage of computer readable instructions, data 
structures, program modules and other data for the computer 
system (F). For example, a hard drive 142 may include an 
operating system 144, application programs 145, program 
modules 146, and database 147. Software aspects of the tech 
nologies described herein may be implemented, in some 
embodiments, as computer readable instructions stored on 
any of the drives 140 or on network 172, which instructions 
may be loaded into memory 120, for example as modules 123, 
and executed by processor 110. 
Computer system (F) may further include a wired or wire 

less input interface 150 through which selection devices 151 
and input devices 152 may interact with the other elements of 
the system (F). Selection devices 151 and input devices 152 
can be connected to the input interface 150 which is in turn 
coupled to the system bus 130, allowing devices 151 and 152 
to interact with processor 110 and the other elements of the 
system (F). Interface and bus structures that may be utilized to 
implement 150 may include for example a Peripheral Com 
ponent Interconnect (PCI) type interface, parallel port, game 
port and a wired or wireless Universal Serial Bus (USB) 
interface. 

Selection devices 151 such as a mouse, trackball, touch 
screen, or touch pad allow a user to select among desired 
options and/or data views that may be output by the system 
(F), for example via the display 162. Input devices 152 can 
include any devices through which commands and data may 
be introduced to the system (F). Exemplary input devices 152 
include a keyboard, an electronic digitizer, a microphone, a 
joystick, game pad, satellite dish, Scanner, media player, 
mobile device, or the like. 
Computer system (F) may also include an output periph 

eral interface 160 which allows the processor 110 and other 
devices coupled to bus 130 to interact with peripheral output 
devices such as printer 161, display 162, and speakers 163. 
Interface and bus structures that may be utilized to implement 
160 include those structures that can be used to implement the 
input interface 150. It should also be understood that many 
devices are capable of Supplying input as well as receiving 
output, and input interface 150 and output interface 160 may 
be dual purpose or Support two-way communication between 
components connected to the bus 130 as necessary. 
Computing system (F) may operate in a networked envi 

ronment using logical connections to one or more computers. 
By way of example, FIG. 9 shows a LAN 171 connection to 
a network 172. A remote computer may also be connected to 
network 171. The remote computer may be a personal com 
puter, a server, a router, a network PC, a peer device or other 
common network node, and can include many or all of the 
elements described above relative to computing system (F). 

Networking environments are commonplace in offices, 
enterprise-wide area networks (WAN), local area networks 
(LAN), intranets and the Internet. For example, in the subject 
matter of the present application, computing system (F) may 
comprise the source machine from which data is migrated, 
and the remote computer may comprise the destination 
machine, or vice versa. Note however, that source and desti 
nation machines need not be connected through a network 
172, but instead, data may be migrated via any media capable 
of being written by the source platform and read by the 
destination platform or platforms. 
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When used in a LAN or WLAN networking environment, 
computing system (F) is connected to the LAN through a 
network interface 170 or an adapter. When used in a WAN 
networking environment, computing system (F) typically 
includes a modem or other means for establishing communi 
cations over the WAN, such as the Internet or network 172. It 
will be appreciated that other means of establishing a com 
munications link between computers may be used. 

According to some embodiments, computing system (F) 
may be configured to carry out any of the operations 201-206 
illustrated in FIG. 2 and the signal processing operations 
206A and 206B illustrated in FIGS. 7 and 8. Computing 
system (F) may be configured to comprise the multichannel 
receiver and analog to digital converter (H) of FIG. 6 and/or a 
processing architecture such as illustrated in FIG. 10. Com 
puting system (F) may be further configured to control a 
variety of additional operations, such as raising and lowering 
components and devices such as A, B, and/or C in a borehole, 
conducting multiple NMR measurements and combining 
data from Such measurements, and requesting and accepting 
user-entered data regarding a measurement or series of mea 
Surements such as time of measurement and location of mea 
surement. Computer (F) may include an NMR spectrometer 
configured to sample and record signals from the NMR detec 
tion device (C) and/or the auxiliary noise detection device 
(E). Computer (F) may comprise a power amplifier config 
ured to drive the alternating magnetic field generator (B) 
and/or static magnetic field generator (A). Computer (F) may 
comprise transmit and receive Switches configured to activate 
the alternating magnetic field generator (B) in transmit mode, 
and to activate the NMR detection device (C) in receive mode. 
Computer (F) may comprise matching circuits and receive 
electronics. Computer (F) may comprise a data acquisition 
system configured to receive, process and record NMR mea 
Surement information and/or noise measurement informa 
tion. 

FIG. 10 is a diagram illustrating an example processing 
architecture and corresponding noise canceling digital signal 
processing methods. FIG. 10 depicts an embodiment of a 
processing architecture and corresponding noise canceling 
digital signal processing methods that can be configured to 
process data collected using the apparatus depicted in FIG. 6. 
so as to cancel or attenuate noise received on the NMR detec 
tion device channel. The processing architecture depicted in 
FIG. 10 may be implemented in the computer (F) illustrated 
for example in FIG. 6, further aspects of which are illustrated 
in FIG. 9. 
The processing architecture depicted in FIG. 10 may 

include a digital filter for each data channel, e.g., a digital 
filter for an NMR detection device channel, which may be 
configured to receive sampled data X(n), and a digital filter for 
one or more auxiliary noise detection device channels, which 
may be configured to receive the sampled datay (n)...y(n). 
A Summing operator X may be configured to combine the 
digitally filtered data from one or more of the digital filters 
into a single output sequence e(n). The dashed line represents 
a feedback process indicating that the filter coefficients used 
by the digital filters for each channel may be adaptively modi 
fied, e.g., by filter coefficient calculation module 600, which 
may be configured to adaptively modify filter coefficients on 
the basis of the output sequence e(n). 

It will be understood with the benefit of this disclosure that 
the filter coefficient calculation module 600 may be config 
ured to use any of a variety of mathematical criterion to adapt 
the filter coefficients. In some embodiments, the filter coeffi 
cient calculation module 600 may be configured to adapt the 
filter coefficients so as to minimize the expected mean 
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squared value of the output Ele(n)|^2}. It will be also under 
stood that the filter coefficient calculation module 600 may be 
configured to perform a variety of methods suitable for re 
computing or adapting the filter weights/coefficients on the 
basis of the output sequence e(n). In some embodiments filter 
weights/coefficients may be adapted on a time-sample-by 
sample basis using a Least Mean Square (LMS) algorithm or 
a Recursive Least Squares (RLS) algorithm. In some embodi 
ments filter coefficients may be computed independently for 
separate blocks of time samples. 

In some embodiments, the filter coefficient calculation 
module 600 may be configured to carry out aspects of noise 
canceling digital signal processing method using correlation 
cancellation as the mathematical basis for estimating the filter 
coefficients. Correlation cancellation may produce a set of 
filter coefficients that minimizes the mean squared value of 
the output sequence e(n). Any of a wide variety direct, block 
based and iterative methods may be used to estimate the filter 
coefficients and minimize the mean squared value of the 
outpute(n). Several implementations of correlation cancella 
tion methods are known to those of skill in the art, for example 
as described in S. Haykin, “Adaptive Filter Theory”, 1996. 
The various correlation cancellation methods described 
therein may be adapted for use with some embodiments 
described herein. 

In some embodiments, a computer (F) may be configured 
to perform noise canceling digital signal processing methods 
that transform/digitally filter the input data for each sampled 
data channel via a weighted linear combination of the 
sampled data received on one or more of the channels. 

In some embodiments, a computer (F) may be configured 
to channelize measurement information from one or more of 
the detection devices into a set of frequency channels. In some 
embodiments of this approach, the measurement information 
from one or more of the detection devices may be transformed 
into a set of frequency coefficients using a Discrete Fourier 
Transform (DFT) or other linear transform. The computer (F) 
may be configured to Subtract the transformed noise samples/ 
measurement information from transformed NMR samples/ 
measurement information independently for each of a plural 
ity of frequency channels, i.e., the correlation cancellation 
may be performed on separate frequency channels. The set of 
output signals/measurement information may be transformed 
back into the time domain using an inverse of the previously 
used DFT or other linear transform. 

In some embodiments of a digital signal processing 
method, the computer (F) may be configured to filter and 
process sampled data from all of the data channels, including 
the primary and auxiliary channels, in one step using, for 
example, Space-Time Adaptive Processing (STAP). The 
computer (F) may be configured to use correlation cancella 
tion as the mathematical approach for optimizing the Signal 
to Noise Ratio (SNR) in the processor output. 

There is little distinction left between hardware and soft 
ware implementations of aspects of systems; the use of hard 
ware or Software is generally (but not always) a design choice 
representing cost vs. efficiency tradeoffs. There are various 
vehicles by which processes and/or systems and/or other 
technologies described herein can be effected (e.g., hardware, 
software, and/or firmware), and that the preferred vehicle 
may vary with the context in which the processes and/or 
systems and/or other technologies are deployed. For example, 
if an implementer determines that speed and accuracy are 
paramount, the implementer may opt for a mainly hardware 
and/or firmware vehicle; if flexibility is paramount, the 
implementer may opt for a mainly software implementation; 
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or, yet again alternatively, the implementer may opt for some 
combination of hardware, software, and/or firmware. 
The foregoing detailed description has set forth various 

embodiments of the devices and/or processes via the use of 
block diagrams, flowcharts, and/or examples. Insofar as Such 
block diagrams, flowcharts, and/or examples contain one or 
more functions and/or operations, it will be understood by 
those within the art that each function and/or operation within 
Such block diagrams, flowcharts, or examples can be imple 
mented, individually and/or collectively, by a wide range of 
hardware, Software, firmware, or virtually any combination 
thereof. In one embodiment, several portions of the subject 
matter described herein may be implemented via Application 
Specific Integrated Circuits (ASICs), Field Programmable 
Gate Arrays (FPGAs), digital signal processors (DSPs), or 
other integrated formats. However, those skilled in the art will 
recognize that some aspects of the embodiments disclosed 
herein, in whole or in part, can be equivalently implemented 
in integrated circuits, as one or more computer programs 
running on one or more computers (e.g., as one or more 
programs running on one or more computer systems), as one 
or more programs running on one or more processors (e.g., as 
one or more programs running on one or more microproces 
sors), as firmware, or as virtually any combination thereof, 
and that designing the circuitry and/or writing the code for the 
software and or firmware would be well within the skill of one 
of skill in the art in light of this disclosure. In addition, those 
skilled in the art will appreciate that the mechanisms of the 
subject matter described herein are capable of being distrib 
uted as a program product in a variety of forms, and that an 
illustrative embodiment of the subject matter described 
herein applies regardless of the particular type of signal bear 
ing medium used to actually carry out the distribution. 
Examples of a signal bearing medium include, but are not 
limited to, the following: a recordable type medium Such as a 
floppy disk, a hard disk drive, a Compact Disc (CD), a Digital 
Video Disk (DVD), a digital tape, a computer memory, etc.; 
and a transmission type medium Such as a digital and/or an 
analog communication medium (e.g., a fiber optic cable, a 
waveguide, a wired communications link, a wireless commu 
nication link, etc.). 

Those skilled in the art will recognize that it is common 
within the art to describe devices and/or processes in the 
fashion set forth herein, and thereafter use engineering prac 
tices to integrate Such described devices and/or processes into 
data processing systems. That is, at least a portion of the 
devices and/or processes described herein can be integrated 
into a data processing system via a reasonable amount of 
experimentation. Those having skill in the art will recognize 
that a typical data processing system generally includes one 
or more of a system unit housing, a video display device, a 
memory Such as Volatile and non-volatile memory, proces 
sors such as microprocessors and digital signal processors, 
computational entities such as operating systems, drivers, 
graphical user interfaces, and applications programs, one or 
more interaction devices, such as a touch pad or screen, 
and/or control systems including feedback loops and control 
motors (e.g., feedback for sensing position and/or Velocity; 
control motors for moving and/or adjusting components and/ 
or quantities). A typical data processing system may be 
implemented utilizing any suitable commercially available 
components, such as those typically found in data computing/ 
communication and/or network computing/communication 
systems. The herein described subject matter sometimes 
illustrates different components contained within, or con 
nected with, different other components. It is to be understood 
that Such depicted architectures are merely exemplary, and 
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that in fact many other architectures can be implemented 
which achieve the same functionality. In a conceptual sense, 
any arrangement of components to achieve the same func 
tionality is effectively “associated such that the desired func 
tionality is achieved. Hence, any two components herein 
combined to achieve a particular functionality can be seen as 
“associated with each other such that the desired function 
ality is achieved, irrespective of architectures or intermediate 
components. Likewise, any two components so associated 
can also be viewed as being “operably connected, or “oper 
ably coupled, to each other to achieve the desired function 
ality, and any two components capable of being so associated 
can also be viewed as being “operably couplable', to each 
other to achieve the desired functionality. Specific examples 
ofoperably couplable include but are not limited to physically 
mateable and/or physically interacting components and/or 
wirelessly interactable and/or wirelessly interacting compo 
nents and/or logically interacting and/or logically inter 
actable components. 

With respect to the use of substantially any plural and/or 
singular terms herein, those having skill in the art can trans 
late from the plural to the singular and/or from the singular to 
the plural as is appropriate to the context and/or application. 
The various singular/plural permutations may be expressly 
set forth herein for sake of clarity. 

It will be understood by those within the art that, in general, 
terms used herein, and especially in the appended claims 
(e.g., bodies of the appended claims) are generally intended 
as “open’ terms (e.g., the term “including should be inter 
preted as “including but not limited to the term “having 
should be interpreted as “having at least, the term “includes’ 
should be interpreted as “includes but is not limited to,” etc.). 
It will be further understood by those within the art that if a 
specific number of an introduced claim recitation is intended, 
such an intent will be explicitly recited in the claim, and in the 
absence of Such recitation no such intent is present. For 
example, as an aid to understanding, the following appended 
claims may contain usage of the introductory phrases “at least 
one' and “one or more' to introduce claim recitations. How 
ever, the use of such phrases should not be construed to imply 
that the introduction of a claim recitation by the indefinite 
articles 'a' or “an limits any particular claim containing 
Such introduced claim recitation to inventions containing 
only one Such recitation, even when the same claim includes 
the introductory phrases “one or more' or “at least one' and 
indefinite articles such as “a” or “an” (e.g., “a” and/or “an 
should typically be interpreted to mean “at least one' or “one 
or more'); the same holds true for the use of definite articles 
used to introduce claim recitations. In addition, even if a 
specific number of an introduced claim recitation is explicitly 
recited, those skilled in the art will recognize that such reci 
tation should typically be interpreted to mean at least the 
recited number (e.g., the bare recitation of “two recitations.” 
without other modifiers, typically means at least two recita 
tions, or two or more recitations). Furthermore, in those 
instances where a convention analogous to “at least one of A, 
B, and C, etc. is used, in general Such a construction is 
intended in the sense one having skill in the art would under 
stand the convention (e.g., “a system having at least one of A, 
B, and C would include but not be limited to systems that 
have A alone, B alone, C alone, A and B together, A and C 
together, B and C together, and/or A, B, and C together, etc.). 
In those instances where a convention analogous to “at least 
one of A, B, or C, etc. is used, in general Such a construction 
is intended in the sense one having skill in the art would 
understand the convention (e.g., “a system having at least one 
of A, B, or C would include but not be limited to systems that 
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have A alone, B alone, C alone, A and B together, A and C 
together, B and C together, and/or A, B, and C together, etc.). 
It will be further understood by those within the art that 
virtually any disjunctive word and/or phrase presenting two 
or more alternative terms, whether in the description, claims, 
or drawings, should be understood to contemplate the possi 
bilities of including one of the terms, either of the terms, or 
both terms. For example, the phrase “A or B will be under 
stood to include the possibilities of “A” or “B” or “A and B.” 

While various embodiments have been disclosed herein, 
other aspects and embodiments will be apparent to those 
skilled in art. 
The invention claimed is: 
1. A noise canceling in-situ Nuclear Magnetic Resonance 

(NMR) detection device configured for deployment inside or 
adjacent to an earth formation, comprising: 
two or more in-situ NMR induction coils configured for 

deployment inside or adjacent to an earth formation, 
wherein at least one of the in-situ NMR induction coils 
serves as an alternating magnetic field generator for an 
NMR detection apparatus, and wherein at least one of 
the in-situ NMR induction coils serves as an NMR 
detection device for the NMR detection apparatus; 

wherein at least two of the in-situ NMR induction coils are 
wired in series to each other in order to form a combined 
series coil configured for deployment inside or adjacent 
to the earth formation and wherein the combined series 
coil includes the NMR detection device; 

wherein the at least two in-situ NMR induction coils of the 
combined series coil are separated by a distanced and 
are characterized by winding phases in opposite direc 
tions; and 

wherein the combined series coil is sensitive to NMR sig 
nals originating from within the earth formation and 
insensitive to spatially homogenous magnetic fields; and 

a static magnetic field generator device configured for 
deployment inside or adjacent to the earth formation 
with the combined series coil; 

wherein the static magnetic field generator device is con 
figured to generate a static magnetic field in an NMR 
sensitive region inside the earth formation; 

wherein the alternating magnetic field generator is config 
ured to generate, under control of an NMR detection 
apparatus, an alternating magnetic field in the NMR 
sensitive region inside the earth formation; and 

wherein the combined series coil is configured to detect 
NMR signals from the NMR sensitive region inside the 
earth formation, while remaining Substantially insensi 
tive to spatially homogenous magnetic fields. 

2. The noise canceling in-situ NMR detection device of 
claim 1, wherein the combined series coil is configured as a 
figure-eight. 

3. The noise canceling in-situ NMR detection device of 
claim 1, wherein the static magnetic field generator device 
comprises one or more permanent magnets, one or more 
electromagnets, or a combination of permanent magnets and 
electromagnets. 

4. The noise canceling in-situ NMR detection device of 
claim 1, wherein the combined series coil comprises the 
induction coil serving as the alternating magnetic field gen 
erator, and 

wherein the coils of the combined series coil are wired in 
series to each other using a Switching circuit configured 
to provide a short circuit bypass of one or more coils in 
the combined series coil, other than the alternating mag 
netic field generator, during operation of the alternating 
magnetic field generator in transmit mode, whereby the 
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combined series coil is switchable between the transmit 
mode which bypasses coils other than the alternating 
magnetic field generator and a detection mode in which 
the combined series coil is sensitive to NMR signals and 
Substantially insensitive to spatially homogenous mag 
netic fields. 

5. The noise canceling in-situ NMR detection device of 
claim 1, wherein the noise canceling in-situ NMR detection 
device is configured for placement in an earth formation 
borehole. 

6. The noise canceling in-situ NMR detection device of 
claim 1, wherein said NMR detection device is coupled to the 
NMR detection apparatus, the NMR detection apparatus 
comprising a computer configured to control NMR measure 
ments using the noise canceling in-situ NMR detection 
device. 

7. A noise canceling in-situ Nuclear Magnetic Resonance 
(NMR) detection apparatus, comprising: 

a primary in-situ NMR detection device configured for 
deployment inside or adjacent to an earth formation, the 
primary in-situ NMR detection device comprising: 

a static magnetic field generator device; 
an alternating magnetic field generator device; and 
a magnetic field detection device; comprising a combined 

series coil, the combined series coil including at least 
two NMR induction coils wired in series to each other, 
separated by a distanced, and characterized by winding 
phases in opposite directions whereby the combined 
series coil is sensitive to NMR signals originating from 
within the earth formation and the combined series coil 
is also insensitive to spatially homogenous magnetic 
fields; 

wherein the static magnetic field generator device gener 
ates a static magnetic field in an NMR sensitive region 
inside the earth formation, and the alternating magnetic 
field generator device generates an alternating magnetic 
field within the same NMR sensitive region inside the 
earth formation, and the magnetic field detection device 
is sensitive to NMR induced magnetic fields generated 
within the same NMR sensitive region inside the earth 
formation; 

one or more auxiliary noise detection devices; 
a multichannel receiver and one or more analog to digital 

converters separately coupled to the primary in-situ 
NMR detection device and each of the one or more 
auxiliary noise detection devices; and 

a computer coupled to the multichannel receiver and the 
one or more analog to digital converters; 

wherein the multichannel receiver and the one or more 
analog to digital converters are configured to receive and 
sample signals on a receiverprimary channel designated 
for the primary in-situ NMR detection device in order to 
produce a digital sampled data output X(n) wherein the 
multichannel receiver and the one or more analog to 
digital converters are configured in order to receive and 
sample signals on said one or more receiver auxiliary 
channels designated for each of the one or more auxil 
iary noise detection devices in order to produce one or 
more digital sampled data outputs y(n); 

wherein the computer is configured with at least one com 
puter primary channel designated for the digital sampled 
data output X(n) and one or more auxiliary channels 
designated for the one or more digital sampled data 
outputs y(n); and 

wherein the computer comprises a processor and a com 
puter readable medium having instructions configured 
to cause the processor to: 
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digitally combine the digital sampled data output X(n) 
with the one or more digital sampled data outputsy (n) 
in order to produce a resulting output of NMR mea 
Surement data with attenuated noise. 

8. The noise canceling in-situ NMR detection apparatus of 
claim 7, wherein the primary in-situ NMR detection device is 
a noise canceling in-situ NMR detection device. 

9. The noise canceling in-situ NMR detection apparatus of 
claim 7, wherein the static magnetic field generator device 
comprises: 

one or more permanent magnets, one or more electromag 
nets, or a combination of permanent magnets and elec 
tromagnets. 

10. The noise canceling in-situ NMR detection apparatus 
of claim 7, wherein the primary in-situ NMR detection device 
is configured for placement in an earth formation borehole. 

11. The noise canceling in-situ NMR detection apparatus 
of claim 7, wherein one or more of the auxiliary noise detec 
tion devices comprise an additional induction coil, other than 
the induction coils of the magnetic field detection device, 
wherein the additional coil is configured for placement on or 
above the surface of the earth formation. 

12. The noise canceling in-situ NMR detection apparatus 
of claim 7, wherein the at least two induction coils of the 
combined series coil are configured as a figure-eight with 
winding phases in opposite directions whereby the combined 
series coil is sensitive to NMR signals and the combined 
series coil is also insensitive to spatially homogenous mag 
netic fields, wherein the static magnetic field generator device 
is located within a loop of the figure-eight, and wherein one or 
more of the induction coils of the combined series coil also 
serves as the alternating magnetic field generator device. 

13. A computer configured to process Nuclear Magnetic 
Resonance (NMR) measurement data, comprising: 

a primary channel configured to receive a digital sampled 
data output X(n) comprising in-situ NMR measurement 
information from a noise cancelling in-situ NMR detec 
tion device configured for deployment inside or adjacent 
to an earth formation, as claimed in claim 1, the noise 
cancelling in-situ NMR detection device comprising: 
a static magnetic field generator device; 
an alternating magnetic field generator device; and 
an alternating magnetic field detection device compris 

ing a combined series coil, the combined series coil 
including at least two induction coils wired in series to 
each other, separated by a distanced, and character 
ized by winding phases in opposite directions 
whereby the combined series coil is sensitive to NMR 
signals originating from within the earth formation 
and the combined series coil is also insensitive to 
spatially homogenous magnetic fields; 

one or more auxiliary channels configured to receive one or 
more digital sampled data outputs y(n), the one or more 
digital sampled data outputSy(n) comprising noise mea 
Surement information resulting from measurements per 
formed by one or more auxiliary noise detection devices, 
wherein the one or more auxiliary noise detection 
devices are separate from the noise cancelling in-situ 
NMR detection device; and 

a processing architecture configured to digitally combine 
the digital sampled data output X(n) and the one or more 
digital sampled data outputs y(n) in order to produce a 
resulting output of in-situ NMR measurement data with 
attenuated noise, the processing architecture compris 
ing: 
a digital filter corresponding to the primary channel; 
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one or more additional digital filters corresponding to 

the one or more auxiliary channels; 
a Summing operator configured to combine digital filter 

outputs from the primary channel digital filter and the 
one or more additional digital filters in order to pro 
duce a resulting output sequence; and 

a filter coefficient calculation module configured to cal 
culate digital filter coefficients designated for use by 
the primary channel digital filter and the one or more 
additional digital filters. 

14. The computer of claim 13, wherein the filter coefficient 
calculation module is configured to adaptively modify the 
digital filter coefficients on the basis of the resulting output 
sequence produced by the Summing operator. 

15. The computer of claim 14, wherein the filter coefficient 
calculation module is configured to adaptively modify the 
digital filter coefficients in order to minimize an expected 
mean squared value of the resulting output sequence pro 
duced by the Summing operator. 

16. The computer of claim 14, wherein the filter coefficient 
calculation module is configured to adaptively modify the 
digital filter coefficients, on a time-sample-by-sample basis, 
by using one or more of a Least Mean Square (LMS) algo 
rithm, or a Recursive Least Squares (RLS) algorithm. 

17. The computer of claim 14, wherein the filter coefficient 
calculation module is configured to adaptively modify the 
digital filter coefficients at least in part by using correlation 
cancelation in order to estimate the adaptive modifications to 
the digital filter coefficients. 

18. The computer of claim 13, wherein the computer is 
further configured to: 

transform the digital sampled data outputs X(n) and y(n) 
from the primary and auxiliary channels into a set of 
frequency coefficients using a linear transform; 

Subtract the one or more transformed digital sampled data 
outputs y(n) from the transformed digital sampled data 
output X(n) independently with respect to each of a plu 
rality of frequency channels in order to produce a set of 
output measurement information; and 

Subsequently transform the set of output measurement 
information, into a time domain, using an inverse of the 
linear transform. 

19. A method of performing a noise canceling in-situ 
Nuclear Magnetic Resonance (NMR) measurement, of an 
earth formation comprising: 

deploying a noise canceling in-situ NMR detection device 
inside or adjacent to the earth formation, the in-situ 
NMR detection device comprising a combined series 
coil and a static magnetic field generator device; 

wherein the combined series coil comprises at least two 
NMR induction coils wired in series, separated by a 
distance d, and characterized by winding phases in 
opposite directions whereby the combined series coil is 
sensitive to NMR signals originating from within the 
earth formation and the combined series coil is also 
insensitive to spatially homogenous magnetic fields; 

wherein the static magnetic field generator device is con 
figured to generate a static magnetic field in an NMR 
sensitive region inside the earth formation; 

activating an alternating magnetic field generator device in 
order to apply an in-situ alternating magnetic field to the 
NMR sensitive region; 

deactivating the alternating magnetic field generator 
device; 

activating NMR signal detection by the in-situ NMR detec 
tion device; 
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receiving in-situ NMR measurement information from the 
in-situ NMR detection device; and 

transforming the in-situ NMR measurement information 
into a resulting output of in-situ NMR measurement data 
with attenuated noise. 

20. The method of claim 19, further comprising receiving 
noise measurement information from one or more auxiliary 
noise detection devices, and combining the NMR measure 
ment information and noise measurement information in 
order to produce the resulting output of in-situ NMR mea 
Surement data with attenuated noise. 

21. The noise canceling in-situ NMR detection device of 
claim 1, wherein each of the at least two in-situ NMR induc 
tion coils in the combined series coil serve as the alternating 
magnetic field generator, and wherein each of the at least two 
in-situ NMR induction coils in the combined series coil serve 
as the NMR detection device. 

22. The noise canceling in-situ NMR detection device of 
claim 21, wherein the static magnetic field generator device is 
positioned more proximal to one of the NMR induction coils 
of the combined series coil than to one or more other NMR 
induction coils thereof. 

23. The noise canceling in-situ NMR detection device of 
claim 22, further comprising a second static magnetic field 
generator device positioned more proximal to another of the 
NMR induction coils of the combined series coil. 

24. The noise canceling in-situ NMR detection device of 
claim 4, wherein the static magnetic field generator device is 
positioned more proximal to the NMR induction coil serving 
as the alternating magnetic field generator in the combined 
series coil than to one or more other NMR induction coils 
thereof. 

25. The noise canceling in-situ NMR detection apparatus 
of claim 7, wherein the computer comprises a digital filter 
acting on the primary channel and one or more different 
digital filters acting on the one or more auxiliary channels, 
and a Summing operator configured to combine resulting 
digitally filtered data from the digital filters into a single 
output sequence e(n). 

26. The noise canceling in-situ NMR detection apparatus 
of claim 25, wherein the computer comprises a filter coeffi 
cient calculation module configured to use the output 
sequence e(n) in order to adaptively modify filter coefficients 
of each of the digital filters. 

27. The noise canceling in-situ NMR detection apparatus 
of claim 7, wherein the computer is further configured to 
control an NMR measurement sequence comprising: 

activating the static magnetic field generator device in 
order to generate a static magnetic field in the NMR 
sensitive region; 

activating the alternating magnetic field generator device 
in order to generate an alternating magnetic field in the 
NMR sensitive region; 

deactivating the alternating magnetic field generator 
device; 

activating NMR signal detection by the in-situ NMR detec 
tion device; 

activating noise signal detection by the one or more auxil 
iary noise detection devices; and 

performing signal processing by combining the digital 
sampled data output X(n) with the digital sampled data 
outputs y(n) in order to produce a resulting output of 
NMR measurement data with attenuated noise. 

28. The noise canceling in-situ NMR detection apparatus 
of claim 27, wherein the in-situ NMR detection device is 
configured as a combined series coil configured for deploy 
ment in a borehole, the combined series coil comprising: 
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24 
two NMR induction coils wired in series to each other, 

separated by a distance d, and configured as a figure 
eight with winding phases in opposite directions 
whereby the combined series coil is sensitive to NMR 
signals and insensitive to spatially homogenous mag 
netic fields, wherein the combined series coil comprises 
the static magnetic field generator device and the alter 
nating magnetic field generator device; 

wherein the NMR induction coils of the combined series 
coil are wired in series to each other using a Switching 
circuit configured to provide a short circuit bypass of one 
of the NMR induction coils during operation of the 
alternating magnetic field generator device in transmit 
mode, whereby the combined series coil is switchable 
between the transmit mode which bypasses coils other 
than the alternating magnetic field generator and a detec 
tion mode in which the combined series coil is sensitive 
to NMR signals and substantially insensitive to spatially 
homogenous magnetic field; and 

wherein the computer is further configured to control the 
Switching circuit of the combined series coil during the 
NMR measurement sequence. 

29. The noise canceling in-situ NMR detection apparatus 
of claim 7, wherein one or more of the auxiliary noise detec 
tion devices comprise an induction coil configured for place 
ment within an earth formation borehole. 

30. A method to receive and process Nuclear Magnetic 
Resonance (NMR) measurement data, comprising: 

receiving, on a primary channel, a digital sampled data 
output X(n) comprising in-situ NMR measurement 
information from an in-situ NMR detection device con 
figured for deployment inside or adjacent to an earth 
formation, the in-situ NMR detection device compris 
ing: 
a static magnetic field generator device; 
an alternating magnetic field generator device; and 
an alternating magnetic field detection device compris 

ing a combined series coil, the combined series coil 
including at least two induction coils wired in series to 
each other, separated by a distanced, and character 
ized by winding phases in opposite directions 
whereby the combined series coil is sensitive to NMR 
signals originating from within the earth formation 
and the combined series coil is also insensitive to 
spatially homogenous magnetic fields; 

receiving, on one or more auxiliary channels, one or more 
digital sampled data outputSy(n) comprising noise mea 
Surement information from one or more auxiliary noise 
detection devices, which one or more auxiliary noise 
detection devices are separate from the in-situ NMR 
detection device; and 

digitally combining the digital sampled data output X(n) 
and the one or more digital sampled data outputs y(n) in 
order to produce a resulting output of in-situ NMR mea 
Surement data with attenuated noise, wherein the digital 
combining comprises: 
digitally filtering the digital sampled data output X(n) 

with a digital filter corresponding to the primary chan 
nel; 

digitally filtering the one or more digital sampled data 
outputs y(n) with one or more digital filters corre 
sponding to the one or more auxiliary channels; 

combining the resulting outputs of the digital filters with 
a Summing operator in order to produce a resulting 
output sequence; and 

calculating digital filter coefficients with a filter coeffi 
cient calculation module. 
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31. The method of claim 30, further comprising adaptively 
modifying the filter coefficients, with the filter coefficient 
calculation module, on the basis of the resulting output 
sequence produced by the Summing operator. 

32. The method of claim 31, further comprising adaptively 5 
modifying the filter coefficients with the filter coefficient 
calculation module in order to minimize an expected mean 
squared value of the resulting output sequence produced by 
the Summing operator. 

33. The method of claim 31, further comprising adaptively 10 
modifying the filter coefficients with the filter coefficient 
calculation module on a time-sample-by-sample basis by 
using one or more of a Least Mean Square (LMS) algorithm, 
or a Recursive Least Squares (RLS) algorithm. 

34. The method of claim 31, further comprising adaptively 15 
modifying the filter coefficients with the filter coefficient 
calculation module at least in part by using a correlation 
cancelation in order to estimate the filter coefficients. 

35. The method of claim 30, further comprising: 
transforming the digital sampled data outputs X(n)andy(n) 20 

from the primary and auxiliary channels into a set of 
frequency coefficients using a linear transform; Sub 
tracting the one or more transformed digital sampled 
data outputs y(n) from the transformed digital sampled 
data output x(n) independently for each of a plurality of 25 
frequency channels in order to produce a set of resulting 
output measurement information; and 

transforming the set of resulting output measurement 
information back into the time domain using an inverse 
of the linear transform. 30 
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